Local Anesthesia, with Special Reference to Injection Methods. By A. H. PARROTT, L.D.S. IN considering the subject of local anasthesia as at present applied in surgery generally, and in dentistry in particular, it seems to me that, broadly speaking, two main avenues only have proved of any practical value in its production in human tissues, so far as we have at present travelled on the road to its perfection. These are:
(1) Extreme cold applied to the surface of the part to be anesthetized-e.g., a refrigerating spray of ethyl chloride, &c.
(2) The introduction of various drugs by various methods into the tissues, hard or soft, or both, as the case may be.
REFRIGERATION.
The method of refrigeration with a rapidly evaporating spray (of ethyl chloride, anestile, &c.) is, I imagine, known to all of us as one which, prior to the introduction of injection methods, served a good purpose in many ways, but I think I may take it for granted that its use is becoming more and more obsolete, in view of the improvements in methods and certainty to which we have attained in connexion with the second avenue I have mentioned, the introduction of desensitizing drugs into the tissues. I will, therefore, dismiss it from consideration to-night in favour of methods more modern, more efficient, and more generally applicable to the conditions we are called upon to treat in the course of practice, and the operations entailed thereby.
The methods of introduction of desensitizing drugs into the living tissues, as affecting our special work, may be briefly enumerated as follows (1) Superficial infiltration or osmosis by application of a drug to the outer surface of the tissues to be affected, with or without pressure.
(2) Osmosis aided by the electric current (electrical osmosis or cataphoresis), (3) Infiltration by injection of drugs. This classification may be said to include all the varying methods we have in use at the present time, but a more convenient division of the subject may be made for our purpose. The dental operations for which it is desirable for us at times to produce insensibility to pain are certain to be performed upon one of two very distinct classes of structure-i.e., wvithin the teeth themselves, or upon the surrounding tissues, mucous, submucous, periosteal, or osseous; that is to say, it may be desired to produce ancesthesia either internal to the tooth or external, whichever may be preferable for the case in hand. For convenience, therefore, I propose to class the methods arbitrarily under the headings of internal and external anesthesia as applying to the teeth themselves.
INTERNAL AN2E5STHESIA.
The consideration of methods of producing ancesthesia internal to the tooth itself necessarily excludes operations involving the structures external to it, as, though it may conceivably be possible, it is not at present practicable or convenient to extend ancesthesia so produced appreciably beyond the apical foramen into surrounding tissues. Therefore, methods considered from this point of view can be employed only to relieve the sensitivenesss of the dentine or pulp, or both, of a single tooth under treatment, and not for extraction or any operation external to such tooth. Broadly speaking, the ways open to us of producing internal anesthesia are two. These are:
(1) The application of an anesthetizing or obtunding drug to the surface of exposed dentine.
(2) The various methods of what is usually termed " pressure an8esthesia." (1) Obtundents. -To obtundents I must make only a passing reference. Amongst them we have an ever-increasing number of drugs and preparations more or less effective, and valuable in their place.
Amongst those to which I would give a foremost place are paraforim, erythroplein hydrochloride, chloretone (or dentalone), besides all our old and tried friends, desiccation, carbolic, zinc chloride, alcohol, &c.
The trituration in a cavity of a pellet of cocaine or other anesthetic drug has also been recommended. The chief drawback to the employiiient of most obtundents is the uncertainty of their success and the Parrott: Local Anwsthesia and Injection MIethods loss of time which may be involved, in addition to the possible pain or difficulty of application met with in many cases. It is unfortunate that the most efficacious obtundents are also usually the most dangerous on account of the difficulty of exactly limiting their penetrative power to the desired extent. The different qualities and powers possessed by each I will not attempt to discuss here, except to mention one case of my own which will illustrate the need of discrimination and knowledge in the selection and use of a drug as an obtundent only. The case in point was a lower sixth year molar, the patient a lady, aged about 30; the cavity to be treated a small mesio-approximal one, easily accessible but very hypersensitive, with no approach to an exposure. I sealed in the cavity a drop of erythroplein hydrochloride (50 per cent. in eugenol) on blotting paper under temporary gutta-percha. The patient should have returned next day; the appointment fell through, and a week elapsed before I saw her again. I then found the cavity absolutely insensitive, and the tooth had given evidence of uneasiness. Fearing a dead pulp I drilled through much sound dentine with entire absence of sensation until I reached the pulp, which proved to be alive, but hypereemic and sluggish in response -to stimulus. Rather than run the risk of future trouble I devitalized it and gave the patient and myself all the trouble of an unnecessary root filling, &c. One such experience makes one cautious as to further use of this or similarly powerful drugs, though the fault in this case lay more with the patient than myself. Paraform has lately been highly spoken of as an obtundent. I have used it many times in 5 per cent. strength, but have not had by any means uniform success with it, and I have found that if left in a cavity for more than a few days, the dentine appears sometimes even more sensitive than prior to its insertion. I shall be glad to have this point either confirmed or contradicted by any member present who may have had wider experience of paraform as an obtundent.
(2) Pressure Anaesthesia.-Here we have two means of anesthetizing a pulp at our disposal:
(a) The simple application of an anaesthetic drug, usually combined with a vaso-constrictor, such as adrenalin, to an exposure of the pulp, followed by pressure exerted with a tampon of wool, rubber, anmadou, &c.; an excellent and convenient method when easily applicable. It has the merits of simplicity and effectiveness usually in proportion to its ease of application and accessibility of the cavity, but in my experience it is so uncertain on the points of time and pain-saving as to be valueless in cases where exposure of the pulp is not markedly present. A convenient form of applying cocaine in this way is to be found in Parke, Davis and Co.'s neurocaine billets. Each billet conveys 2 gr. of cocaine, and moistened with adrenalin is rapid and effective in suitable cases. The chief danger to be avoided with the use of this method is the forcing of irritant or septic matter through the apical forainien.
(b) High-pressure Anwsthesia.-We have the forcing of an aneesthetic drug through normal dentine into the pulp by means of a high-pressure syringe, the point of which is inserted into a pit previously drilled in the dentine if a suitable spot cannot be found in the cavity. I have no personal experience of this method, which does not appear to have been widely adopted, and has always struck me as being a risky one to employ for sensitive dentine only, unless the pulp is to be removed, as so delicate an organ, surrounded as it is by unyielding walls, has in many cases very little margin for recuperation, once it has suffered from any unusual pressure, congestion, or possible irritation. EXTERNAL ANAESTHESIA. Turning now to anasthesia produced externally to the tooth, we come to a much wider field for consideration, including, as it mnay do, in addition to ansesthesia of the dentine or pulp, any or all of the surrounding structures and the operations to be performed thereon.
I have already mentioned the refrigerating method by freezing sprays, and need not refer to it further here. Also, although from the standpoint I ami taking, general ancesthesia also comes under the heading of external ancesthesia, I do not propose to bring it into the scope of this paper unless it be for the purpose of comparison. Parallels in General Surgery.-The methods of local anasthesia which we have in use in our profession have their parallels in the wider domain of general surgery, where local, regional, and spinal ancesthesia have come so much to the fore in recent years. In endeavouring to widen our outlook upon this subject, as we should in all, it is worth while to look sometimes at the records to hand in medical literature of the progress of local anaesthesia in general surgery.
Spinial Anwsthesia.-The spinal methods, though merely an extension of the principles of local and regional, stand in a category of their own on account of their far-reaching powers and also widely extended dangers. The achievement of spinal anTsthesia is to my mind a lmlost miiasterly and daring procedure; m-lasterly when a coImlplete success, but always daring, for short of an injection into the brain substance itself, the risks of more disastrous after-effects can hardly be imagined, including, as they do, paralysis, meningitis, &c. I have had the pleasure recently of studying an extreimely able and interesting paper by Dr. W. J. McCardie [8] ,the eminent Birmingham ana-sthetist, upon the subject of spinal analgesia, and its present position in the world of surgery. The paper is an exhaustive r'Esuille from statistics and records of operators in various L)arts of the world, and Dr. McCardie's summ-ling up I will briefly quote, if yotu will pardon mie the apparent digression:-Fromii an extensive review of all the literature available to me on thle subject, I conclude that spinal analgesia is retrogressing in favour, and is generally only used whien tlhere ar-e marked contra-indications to inhalationl anwesthesia, and local antesthesia is not possible. The exceptions are surgeonis who have ha(d a special experience of the method in a large number of cases of the same kind. The proportion of (leatils, as one would expect from the conditions, is greater than in inhalation anesthesia. The imedi(ate (danijeris are at least as great. The after-effects are not uncommonly most severe, affect the nervous system, and on the average are at least as frequent as those following inhalation anastihesia. Many of tbem are mlost persistent atnd disastrouis, tlhough I must say that the Englislh results are multich1 better in this respect than the foreign.
In spinal analgesia the chief aftereffects are headachle, backache, and raised temperature: in inhalation -anesthesia, -omiting.
The percentage of failures in the formier is very higlh. An excessive dose, whether absolute or relative, in the case of idiosyncrasy is more iiimmediately and hlopelessly fatal than is one after ether or chloroform-l, l)ecause it cannot be antagonized by muechanical eliminative m-neans. The (liffusion of liquid in the spinal canial is very differ-ent from that of vapour in the lungs. . . . I place spinal analgesia, as a method of preventing pain, between inhalation and local anesthesia. Generally speaking, I think it slhould only be used in certain selected cases.
Mv reason for introducing this excerpt fromii Dr. McCardie's paper is that, looking at local anmsthesia by injection in its broadest aspect, we may realize the widest limits to which it has been brought in the alleviation of pain during operation upon the human body, and the greatest dangers that have been encountered in its employmiient. It is evident that spinal analgesia has aroused a good deal of enthusiasm, and I iimagine also a corresponding reaction of opinion, as to its mnerits. In dentistry we have no parallel to it, unless we consider, perhaps, local anaesthesia as applied, say, to the Gasserian ganglion, that is, a blocking of a great nerve-centre to cut off sensory communication with all parts supplied by that centre. Such an operation belongs absolutely to the domain of general surgery, and could only be of practical interest to us in isolated cases outside our ordinary routine; but I think that to appreciate to the fuU the possibilities and drawbacks of even the smallest injections we are in the habit of using, it is necessary to study a little over the borderline as usually defined between dentistry proper and oral surgery, for even such an operation as tooth extraction will occasionally pass that border, and become a surgical operation in the broadest sense of the term.
Drugs qused in Spinal Methods.-The technique of the methods of injection used in spinal analgesia are not of sufficient practical interest to us to justify my giving a detailed description of them. There is a point, however, to which we may well give a little consideration, and that is the relative advantages and disadvantages of the various drugs and combinations of drugs which have been or are at present in use for obtaining analgesia by spinal injection, for I think it is a fair assumption that any substance which may be harmlessly injected into the spinal canal or great neural sheaths must be pre-eminently safe for injection into other tissues if so desired. In this respect Dr. McCardie's summary of the records of spinal analgesia up to October, 1910, does not give us much assistance, as although he states that records of many thousands of cases which he had collected had reference to eucaine, stovaine, and novocain, he does not distinguish between the three. Cocaine he terms the " chloroform" of local anaesthesia, and it is evident that in general surgery it suffers from a bad reputation as far as safety is concerned, which I think is endorsed by the general experience of our own profession. So far I have not succeeded in tracing to what extent the introduction of novocain and the extended use of it have affected the mortality and danger-rates of spinal analgesia. LOCAL AND REGIONAL ANAESTIESIA IN GENERAL SURGERY.
The question of relative advantages of the drugs named I shall leave for a moment, to consider briefly the present position of local and regional anaesthesia as practised in general surgery. Here I shall rely to some extent upon the authority of Mr. Charles Leedham-Green [6] of Birmingham, who has had wide practical experience of local anaesthesia, and who in a recent paper on the subject states that he now Parrott: Local Anawsth1esia and Injection Methods performs 35 per cent. of all his hospital operations with these methods, and regards them as yet more valuable means of anesthesia for the general practitioner. Amongst the operations included in his records are trephining for depressed fracture of skull, removal of cerebral tumours, tumours of both jaws, innocent and malignant, epithelioma of lips, tongue, tonsils, and cheek. I mention these by way of illustrating the severity and daring of some of the operations which are now dealt with under local ancesthetics, and with much advantage, as in no region does the anasthetist impede the operator to such an extent as in that of the head and face. The proportion of operations is also direct evidence as to the popularity to which anaesthesia by injection has attained or may attain amongst surgeons generally.
Advantages.-Among the various advantages claimed for injection as against inhalation anesthesia in general surgery I find the following: (1) No anesthetist necessary.
(2) No delayed shock.
(3) No post-operative bronchitis or pneumonia. (4) No post-operative poisoning from any drug inhaled. (5) No struggling, excitement, or coughing during operation. (6) After-vomiting reduced. (7) After-pain in wound very slight. (8) Patients can take food immediately after operation. Nearly all these advantages, if obtainable, are equally desirable in dental operations as in others, where it becomes a question of injection versus inhalation anesthesia, although the gain to us is perhaps of less vital import than where major operations are concerned, in which general constitutional conditions may be of greater relative importance in view of the usually severer shock of operation. Habit and long usage lead us in our speciality, I think, to look upon inhalation anesthesia almost as synonymous with nitrous oxide anesthesia, especially since methods of prolonged administrations have come to the fore. But, if anything, we are tempted to minimize the aftereffects of gas, as it is seldom that we see anything of our patients after they have left the dental chair, and it is, I imagine, in the experience of most dentists that there are many cases where even nitrous oxide inhalation would preferably be. avoided, if an equally satisfactory method of local anesthesia might be employed. Delayed or postoperative shock in dental operations under general anaesthesia should, in my opinion, be fully taken into account in deciding what method of ancesthesia is to be emiployed in particular cases.
(3) The third point of post-operative bronchitis or pneumonia is also one of importance, as being a risk which is very freely run in the administration of N20.
(4) Post-operative poisoning from drugs inhaled, though it does not affect us so closely perhaps as the surgeon, is a factor we have often to reckon with; one cannot say with any exactness to what extent prolonged administrations of nitrous oxide affect the subjects, but it is well to remember that even with our old friend " laughing gas " there are many cases of what one may term " idiosyncrasy" (a most convenient word, and one that rather resembles our old friend charity, though it can in no way, from our point of view, be regarded as a virtue). (5) No struggling, excitement, or coughing during operation. This is one of the chief advantages we can wish for in specially difficult dental operations.
(6) After-vomiting reduced; another far from negligible advantage; from the dental surgeon's usual standpoint, vomiting should be absent altogether. (7) After-pain in wound very slight. McCardie's investigations seem to have led him to conclude that in surgery this advantage is not a fact, and that patients do complain more of their operation wounds after a local, than is the case usually after a general, anaesthesia. Our wounding operations under local ane-sthetics usually consist of extractions, and I think after-pain here, apart from pre-existing inflammation or sepsis, has more ratio to the amount of damage done to tissues under operation rather than to the ancesthetic, be it general or local. (8) That patients can take food immediately after operation is certainly an advantage in dental cases as in others, provided, of course, that the state of the mouth permits it; and there is hardly any doubt, I think, that the patient who cain tolerate local anEesthesia well is in better condition for this than one who has taken nitrous oxide or other general anaesthetic.
Limitations.-Turning from these general considerations to more precise and practical points, we have to consider the limitations as well as the advantages of local anamsthetics. The first and foremost is the ever-present boggy of toxicity, a bogey which one is glad to think we are able, in the light of accumulated experience, to observe in truer perspective. Closely related to it is a second and more subtle bogeyidiosyncrasy. That we are getting to closer quarters with them is, I think, evidenced by the fact that in spite of all that has been recorded and remarked over and over again about the dangers of cocaine as an 23 Parrott: Local Anwesthesia azd Injection Methods injected drug, many operators to-day appear to be using it with impunity and confidence. This has been brought about by several factors: The lower percentages of solutions employed, its combination with suprarenal preparations circumscribing to some extent the action of the cocaine, the use of fresh preparations, and improvements generally in the technique of operation. But the danger-line is still well marked, and often where a local ansesthesia would be preferred, we have to fall back on a general one, as to be successful we might be driven to employ a larger amount of injected solution than safety will permit, having regard to the two limitations I have mentioned-toxicity of the drug, and possible idiosyncrasy of the patient.
DRUGS USED IN LOCAL ANASTHESIA.
Touching these points, it seenms relevant to consider here the positions which the best known drugs may claim as shown by comparative experiment and clinical experience. In estimating the value of any drug or combination of drugs used in local anaesthesia, three chief points have to be considered:
(1) Their anaesthetic action.
(2) Their toxicity with regard to the general system.
(3) Their irritant action upon the tissues infiltrated. Comnparative Properties.-It is chiefly with regard to toxicity that cocaine has laboured so long under a bad reputation, and it is to this fact more than any other that we owe the introduction of the wellknown though more recent substitutes eucaine, stovaine, tropa-cocaine, alypin, novocain, and others. So far as I have been able to ascertain, the most scientific and conclusive comparative experiments which have been recorded with regard to the qualities of these drugs are those of Dr. Le Brocq [5] , of Cambridge, a record of whose experiments appeared in March, 1909, in the British Medical Journal, which record does not appear to have been seriously confuted by subsequent investigators. It will suffice here for me to mention the following conclusions amongst others drawn from his results:-(1) In anesthetic action stovaine is to be considered relatively the most powerful; alypin, beta-eucaine, lactate, novocain, and tropa-cocaine are about equal to cocaine, nirvanine inferior.
(2) In toxic action alypin is stronger than cocaine. Stovaine, tropacocaine, novocain, and beta-eucaine lactate respectively weaker.
(3) In irritant action upon the tissues experiments showed the following results: Cocaine caused slight swelling and hyperawmia soon after injection; the part completely recovered. Stovaine caused intense hyperaemia and dilatation of blood-vessels, followed by sloughing. Betaeucaine showed swelling and thickening about point of injection, followed by sloughing. Tropa-cocaine caused swelling and some thickening, followed by sloughing. Novocain showed no swelling and no hyperaemia. The part was perfectly nornlal after injection, and remained so. These experiments, therefore, show that all these drugs except novocain have a greater irritant action than cocaine, and novocain alone is superior to cocaine tn this respect. This point of irritant action upon the tissues touches us far more closely in dental operations than it does the surgeon, in whose operations upon other parts of the body a little more or less after-swelling may be of trifling importance and little additional discomfort to the patient. It seems a just conclusion, therefore, to say that novocain for dental purposes is the superior of all other drugs known up to the present time, and that cocaine being less irritant, though more toxic than the others mentioned, takes the second place.
Vaso-constrictors.-The combination of a vaso-constrictive drug with any of the above anaesthetics appears to be equally possible and effective in diminishing toxicity, and increasing or prolonging anawsthetic power; but, according to [Braun 1], most local antesthetics more or less neutralize the vascular contractile effects of adrenal preparations excepting novocain, which, on the contrary, increases the anwmnic effect, and, therefore, needs a proportionately smaller addition of adrenalin or suprarenin to prevent or control hsemorrhage. A distinction is to be drawn between suprarenin and adrenal preparations made from the gland extract, suprarenin being a synthetic preparation, for which it is claimed, and I think justly, that while possessing the same vasocontractile effect, it is less prone to decomposition and to give rise to toxic effects than the preparations made fromn the adrenal glands. The value of a vaso-constrictive effect in conjunction with local anaesthesia is very marked in dental operations, the action of the ancesthetic is localized, its anesthetic effect increased, the induction of anesthesia, hastened, and its duration prolonged, the absorption of the drug into the general circulation being for the time more or less inhibited, and, therefore, more gradual. From this it is reasonable to infer that the danger of subsequent toxicity due to the anmesthetic drug is greatly minimized in cases where any idiosyncrasy to the drug may exist.
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Parrott: Local Anasthesia and Injection Methods Isotonic Solutions.-The last point I shall mention in connexion with the drugs used is the advantage to be gained from the employment of isotonic solutions for infiltration and injection purposes. It may be shown by experiment [4] that blood-cells brought in contact with distilled water rapidly swell up and disintegrate; if instead of distilled water a strong saline solution be used, the cells shrink. But in a solution containing O'91 per cent. of sodium chloride they neither swell nor shrink. If distilled water replace the blood serum in which nerves and vessels are bathed, the nerves swell, and though they may fail to conduct impulses, the swelling will'cause pain. The employment of a solution isotonic with the blood serum avoids this irritative action and also accelerates the diffusion of the injected fluid into the blood serum, thus hastening and increasing the action of the accompanying anaesthetic drug. In this connexion it may be worth while to point out that novocain-suprarenin dental tablets as originally issued by the manufacturers had sodium chloride in combination, and distilled water only was needed to make the solution. This sodium chloride has been eliminated from the tablets, as it was found that they did not keep well; it is therefore necessary now to add normal saline solution to get the best results from these tablets, a point which, so far as I have seen, has not been made sufficiently clear by the manufacturers to the profession.
Toxicity.-The above brief resume of comparative qualities of the various drugs used in local an.esthesia leaves us confronted after all with the bald fact that all the drugs hitherto discovered are toxic, to a greater or less degree, and that the dose employed, no matter what the drug, must be limited, not by the extent of operation desired, but by the possible danger of toxic poisoning to the patient. In operations upon the mouth and jaws it has always seemed to me that toxic symptoms will appear more readily than they apparently do in operations upon other parts of the body. Whether this is a figment of my imagination or whether it is a fact that injections in close connexion with the branches of the fifth nerve, and not so very far removed from the cranial centres, are liable to produce nervous shock and toxic effects more rapidly than elsewhere, is a point I leave open to argument. Personally, I have always had this danger in my mind when using cocaine, and during my wider experience and freer use of novocain I have not lost signs of it. That complications may occur in isolated cases, even with novocain, in less than normal doses, seems proved by a case of severe cerebral sequela, following an injection, which has just been reported by a Birmingham colleague, Mr. Clayton Cooper [2] . The dose used in this case was 8 to 10 minims of 2 per cent. solution, for the extraction of an upper molar; the patient left the surgery apparently well, but toxic symptoms appeared later and proved very serious, though the patient subsequently recovered. It is only just to state that this patient had previously suffered from phlebitis and thromboses, and was, therefore, considered unfavourable for a general anmesthetic. Such cases serve to show us that, as with motoring, it is dangerous to disregard the legal limit, that limit being the safety of the public, or we shall probably meet with trouble where least expected.
Dosage.-With novocain-suprarenin I rarely find a conservative operation which demands more than a dose of two-thirds of a grain, or say 2 c.c. of a 2 per cent. solution. This I consider a safe dose for normal cases, and where extractions are concerned also I am loth to go beyond it. In general surgery the solutions employed most generally appear to be for cocaine 1 per cent., and for novocain 1 per cent.; the dose may range from 30 to 60 minims according to the areas to be infiltrated, an interval of fifteen to thirty minutes being allowed for anuesthesia to supervene. In our work we require prompter action and more limited diffusion, and I think the stronger solution in smaller quantities best achieves this result.
Where multiple extractions in different parts of the mouth are concerned, nitrous oxide easily holds its own, in most cases for two chief reasons:
(1) The saving of time and nervous tension to both operator and patient.
(2) The gums certainly appear to heal more readily after extraction,
where an injection has not been used, especially where sepsis has been present previously, as is usually the case. In speaking thus generally, however, I must except some cases of difficult extraction of fractured or buried roots. Here a local anmesthetic is often much to be preferred to gas, as it will give the operator time to perform the operation with as much care and little damage to the tissues as possible, and he will have the advantage in many cases of intelligent assistance from his patient. I have on various occasions removed badly exostosed fragments under a local anaesthetic, with the aid of chisels, excavators, and even the engine burr, where under any general anmesthetic extraction would have been almost impossible without very severe damage being done to the surrounding parts. (c) Where gums are healthy and sepsis or inflammation do not contra-indicate its employment. This point the operator alone can decide in any particular case; one finds with increasing experience that it is more often possible to obtain a successful ancesthesia by injecting into surrounding healthy tissues, bony or otherwise.
(d) Where general condition of patient contra-indicates the employment of an inhalation anaesthesia-e.g., cardiac disease, pulmonary or bronchial trouble, goitre, alcoholism, &c. Also in patients of unusual strength or excitability.
INDICATIONS AGAINST LOCAL ANAESTHESIA.
(2) A general anesthetic per contra is to be preferred: (a) Where multiple extractions on both sides of the mouth or both jaws are to be made.
(b) In cases where unusual force may be necessary to open the mouth or dislodge a tooth, and it is preferable to have the patient unconscious.
(c) In cases where excessive timidity or nervous tension may make the achievement of a local anesthesia hardly worth while, owing to the psychic strain imposed upon the patient, and possibly also upon the operator. In general surgery this difficulty is often minimized nowadays by the preliminary dosing of the patient with various sedative drugs, to ensure tranquillity during operation.
Mr. Leedham-Green, to whose work I have already referred, states that he uses subcutaneous injection of scopolamine (i2 0 gr.) and morphine (i gr.) and finds that this has a wonderfully tranquillizing effect both before and after operation. A similar treatment might well be adopted in dental cases where difficulties arise with neurotic or timorous patients. In this respect I look upon aspirin in 5-gr. doses as a mild but useful sedative, and one of the least likely to cause any bad after-effects.
Anaemia.-I am in doubt as to whether one class of patient frequently met with, those suffering from anemia in more or less pronounced form, are to be regarded as favourable or unfavourable subjects for local anaesthetics. In favour of a general anesthesia, it is to be said that they usually take nitrous oxide very easily and with little apparent after-trouble; in fact, in many cases it has been my experience that the colour of the patient has improved after an administration of gas. On the other hand, I do not hesitate to employ a local anaesthetic in moderation in such cases, if the operation is within easy limit. I should be glad of an expression of opinion from any present who may have had any marked results in anmmic cases one way or the other. The chief danger to be guarded against is, I think, the employment of too strong a proportion of vaso-constrictive element in the anaesthetic used, as the primary effect may be more marked upon an already feeble circulatory system. In full-blooded patients, on the contrary, the vaso-constrictive action of an injection may be of much value in diminishing and controlling haemorrhage, both immediate and subsequent.
METHODS OF EXTERNAL ANAESTHESIA.
Having considered (in somewhat desultory fashion, I fear) the different values of the drugs employed, let us turn now to the methods of their application and briefly consider the technique involved in their employment for the achievement of iocal ancesthesia for dental purposes.
The nature and extent of the operation it is desired to perform, the length of ancesthesia required, and the condition of the tissues, will be the guiding factors in our choice of methods. Those we may adopt for dental purposes may be classed under three headings, differing in technique according to the objective in view:-(1) Infiltration by superficial application. (1) Infiltratioon by Superficial Application . Surface angesthesia through the mucous membrane of the mouth may be produced by simple application of any of the well-known anaesthetic drugs to which I have previously referred, the strength of solution being, however, increased to 5 per cent. or even 10 per cent. in the case of cocaine or novocain.
Care must be taken not to allow such solution of the anaesthetic to D-25a trickle down the throat of the patient; otherwise a very uncomfortable, if not dangerous, paralysis of the larynx and vocal cords may ensue, leading to respiratory difficulties and consequent alarm and discomfort to the patient. Such applications will usually need about five minutes or longer to be at all effective, and are useful in such operations as applying rubber-dam, matrices, taking impressions, or to avoid the pain of puncture for injections, &c. Recently mention has been made in a French journal by M. Chavanne of the use of quinine hydrochlorate combined with other drugs. He gives the following formula for application to mucous surfaces: 
gr. 1IT
This makes a dark syrupy liquid, and where applicable is effective in making the mucous membrane blanch, contract, and become insensitive. I have found it useful occasionally, but, unfortunately, the taste of the mixture is powerful and far fiom alluring, and the aneesthesia I have obtained has been hardly worth the discomfort. M. Chavanne mentions this preparation as suitable for all purposes and operations in which a local anaesthetic can be used, a statement which I fear I am not in a position to endorse. It may have the merit of absolute safety, but it is far from being sufficiently effective for any other than slight surface operations. The following formula, suggested to me by Mr. Stacey Robinson, of Birmingham, is not so objectionable to the patient and appears to me to be equally, if not more, efficient, and may be used with advantage for the extraction of loose temporary teeth, &c., where Cataphoresis.-Generally speaking, however, anaesthesia by absorption through the mucous membranes seems to be very fleeting and superficial with any known drug. The assistance of an electric current, to accelerate and deepen the absorption of the drug, has been a method 31.
often tried and proved successful, but the time involved and the conmplication of appliances has usually sufficed to dishearten men in busy practice where time is such a ruling factor in the daily routine of conservative work. For this reason I, in common, I imagine, with the great majority, fall back as a rule upon the second method I have uentioned, that of injection infiltration.
(2) Infiltration by Injection.-The methods of producing dental anaesthesia by injection I will deal with for clearness' sake under three headings, as I have previously done in a paper published elsewhere [9] . I do not propose to go closely into details of their technique, for which I may refer those interested to a brief excerpt from that paper which I have here with me. The methods described are:-(a) Submucous injection. (b) Septal injection.
(c) Intra-alveolar injection.
(a) Submucous Injections.-The first method, submucous injection, is so simple in principle and so generally in use for extraction work that lengthy description of it would be tedious at best. I restrict the term " submucous " in this connexion to injections made only into the superficial soft tissues, not into the denser structures of the jaw, though all injections through mucous membranes might, of course, be included in the term. Were it not that time and the safety of the patient are factors to be reckoned with, deep anaesthesia of the denser structures might more frequently be attained by this simple method, by injecting larger doses and allowing more margin for infiltration by osmosis.
(b, c) Septal and Intra-alveolar Injections.-The injection of the ansesthetic into the cancellous bone by the septal and intra-alveolar methods have, in my experience, given great advantages in these two respects. Anaesthesia is obtained more rapidly, certainly, and completely without unnecessary diffusion of the drug over an extended area where it is of no value, -and can only increase the possibilities of toxicity and after-effects. I do not wish to imply that every injection need be an intra-osseous one; my advocacy of it is for those cases where deep infiltration by osmosis alone may be slow and difficult on account of density of structure and distance to be traversed by the fluid, and as one becomes more at home with the technique, the deeper method becomes more and more useful, as making for time-saving, certainty, and more enduring anaesthesia. The mere fact that the amaesthetic is injected into bony structure conveys to my Parrott: Local Anaesthesia and Injection Methods mind no more danger than a submucous injection into gum only, assuming that our solution is sterile and non-irritant. If sepsis and sloughing or toxic sequela are to ensue they will be just as disastrous -in either method, and it is on this account that I give my adherence to novocain for its non-irritant and sterilizable qualities. It is possible that cocaine is a shade stronger as an anmesthetic, but if in the least more irritant, as it appears to be, quite apart from its toxicity, this advantage is more than counterbalanced, at least in oral operations wvhere irritation is so prone to lead to inflammation.
Alr. Hodge's Report.-With regard to the effectiveness of intraalveolar injection (with the use of the drill-perforation), rather than quote any record of my own I would refer to a report by Mr. Leslie
Hodge, of Liverpool [3] , upon his first fifteen cases treated by this method, which report appeared in the Dental Record for April, 1910.
Mr. Hodge gives a tabulated list of these cases, all for conservancy work, showing pain during injection, period of anaesthesia, and pain upon recovery. With your indulgence I will quote his remarks upon the cases:
Incidentally, the list reveals uniform absence of pain during injection; periods of aneesthesia extending from ten minutes up to the end of whatever operation was being undertaken, anaTsthesia being still complete and no sensation being experienced when the operation was completed; that the chief operations, which consisted of the preparation of hypersensitive cavities and the removal of living pulps, were carried out quite painlessly, and that it was possible in one case, where a single injection was made, to prepare without pain no less than four cavities, median and distal, in upper bicuspid teeth.
The after-pain is usually conspicuous by its absence, but the point of injection is nearly always painful and inflamed, but not sufficiently so, as a rule, to be serious. In one or two cases, however, which have been decidedly sensitive at the point of insertion, I believe this has been apparently due to movement of the tissues during injection. Mr. Parrott, you will remember, lays great stress upon this point, which, however, is not so easy to carry out as one would imagine. The solution I have used in all cases has been 2 per cent. novocain. This report from Mr. Hodge upon his first experiences of intraalveolar injection is, I think, fair testimony to the utility and effectiveness of the method, which I have had the pleasure of demonstrating clinically on several occasions at other meetings, and which my own experience endorses. The point he mentions as to after-soreness at the site of injection is the only adverse one upon which I need comment. I have advocated not only that the tissues be not moved during injection, but that, wherever possible, the drill-perforation and subsequent injection shall be made into the immobile gum tissue. As an extra precaution it is good practice to touch all sites of puncture with a little iodine and aconite before dismissing the patient, or it may be even better precaution to apply iodine before injection, to assist in securing asepsis, as is often done in general surgery nowadays. The main point of the whole method lies in the fact that smaller doses give a more effective anaesthesia than can be obtained with submucous injections alone, and in view of the fact that cases of poisoning even with novocain have been reported, it is of first importance that the danger of toxicity shall be minimized to the utmost. Personally, I have so far, in some hundreds of cases at least, no serious toxic effects to record, but that cases, such as the one I have previously referred to as reported by Mr. Cooper, should occur occasionally amongst the many and varied systemic conditions which patients present, is hardly to be wondered at.
Injection and Electrical Osmosis.-An adjunct to injection infiltration has recently been brought forward in the form of a battery from which an electric current is passed through an injection syringe and solution to a negative pole, made by pads saturated with saline solution and placed over the region of the Gasserian ganglion. The use of a weak solution of beta-eucaine is advocated. So far the limited experience I have had with this double method of electrical osmosis plus injection has been far from satisfactory, anEesthesia, if attained at all, being much slower and inore fleeting than that obtained by injection only, but I must give the method more extended trial before I can fairly form a judgment upon its possibilities. I do not doubt its efficacy in principle, but whether it can be made sufficiently practicable and speedy for daily routine to justify the further complication of appliances I am as yet not convinced.
REGIONAL ANESTHESIA.
The last method I shall mention is that of regional anesthesia. I use this term "regional" merely as in contra-distinction to the word local, to imply the anmesthetization of a part possibly distant from the actual site of operation. In general surgery it is perhaps better known as " nerve blocking." In infiltration for sensitive dentine we employ this method in miniature by "blocking" the apical nerve before it enters the tooth by peri-neural injection. By regional anesthesia I wish to infer the same operation, but upon a larger scale-that is, the blocking of the larger nerve-trunks. Hitherto such anesthesia has, so far as I am aware, been practised systematically only for major surgery; and it is usually too difficult, to say nothing of its discomfort, to make it of general utility to us in our more limited sphere of operations. The points at which nerve sensation can be abolished by nerve blocking in the face and jaws are, of course, many, but the only ones which I think are of practical interest to us are:-(a) Anaesthesia of the Gasserian ganglion.
(b) Anasthesia of the inferior dental nerve before it enters the lower jaw.
(a) With regard to the technique of anasthesia of the Gasserian ganglion I shall say nothing here; I have had no practical experience of it, and it must certainly require a more exact knowledge of the anatomy of the parts than the average dentist possesses to bring a local anesthetic into touch with the three great divisions of the fifth nerve at this point of their union. The far-reaching ancesthesia which would result from such method is rarely, if ever, called for in purely dental cases, and I will not take up your time in discussing it to-night.
(b) Ancesthesia of the inferior dental nerve is perhaps more within the range of practical politics, and as to this method, I will briefly quote again from Mr. Leedham-Green [7] as one I know to have practical experience of it Blocking of the inferior dental and lingual nerves can be achieved by infiltrating the tissue about the two nerves as they lie on the inner side of the ascending ramus of the jaw, just before the dental nerve enters the foramen in the mandible. To do this the needle of the syringe should be inserted under the mucous membrane covering the anterior border of the ascending ramus of the jaw 1 cm. above the grinding surface of the last molar tooth of the lower jaw. The point of the needle must be kept closely in contact with the bone the whole time, and the anasthetic fluid injected as the needle is slowly pushed onwards for a distance of 3 cm. The lingual nerve is reached first as it lies just behind and to the inner border of the jaw; the dental nerve lies farther back, but is easily found if care be taken to keep the point of the needle in contact with the bone, and the shaft of the needle parallel to the grinding surface of the molar teeth of the lower jaw.
If the injection is successful it soon produces an aniesthesia of the anterior two-thirds of the tongue on that side, as well as of the mucous membrane of the lower lips and floor of the mouth. The molar, bicuspid, and canine teeth are rendered insensitive, but the incisors generally escape on account of their receiving branches from the inferior dental nerve of the opposite side.
These last words of Mr. Leedham-Green's description are interesting to note; if in the course of the discussion for which I hope I have furnished ample (perhaps too ample) material, any gentleman present can enlighten us further from practical experience of this method, I am sure it would be of interest to all, though to most of us, perhaps, merely academic.
In conclusion, Gentlemen, I wish to thank you for the honour you have done me in inviting me to read this paper before you; and trust that, though I may have put a severe tax upon your patience, I have also put at least a small one upon your interest and intelligence, and that the infliction of the first will not suffice to interfere with full and free payment of the second in the discussion and kindly criticism to which I look forward for more enlightenment upon this subject, my interest in which is a better excuse than my knowledge in venturing to bring it before you.
DISCUSSION.
Mr. STANLEY MUMMERY thought the Section was much indebted to Mr. Parrott for coming all the way from Birmingham to read his most interesting paper. Mr. Parrott was well known as one of the chief pioneers of local anesthetics in dentistry. He himself had been very much interested in the subject for some years past, and after reading Mr. Parrott's paper in the British Dental Journal he tried the injection method himself. Personally he had used local anesthesia chiefly for extraction work. The intra-alveolar injection method was difficult at first, and considerable experience was needed before one could be certain of getting a good anaesthesia. With regard to post-operative pain in extractions he had found that it was very much diminished, in fact practically absent, after local anaesthetics as compared with general anasthetics. After an extraction with a general ancesthetic considerable pain was often experienced for perhaps half an hour, whereas after extraction under a local anaesthetic this was very seldom the case. He could bear out all Mr. Parrott had said with regard to novocain, and since he first, tried it he had not gone back to cocaine. With cocaine there were slight toxic symptoms in one out of every three or four cases. With novocain the proportion of cases of blanching of the lips was extremely small. He thought that toxic symptoms were largely a question of the blood-pressure. It was, well known that in injecting a local anDesthetic the blood-pressure always showed a fall. Where blood-pressure was high at first, up to, say, 140, no toxic symptoms supervened even after large doses; whereas if the bloodpressure was below 120 toxic symptoms occasionally supervened. It had been his habit to take the blood-pressure in doubtful cases, and if it was below 110, to refuse to use a local anesthetic at all, because he believed it to b&e distinctly dangerous in such cases. If the blood-pressure fell much below 100 unconsciousness supervened very quickly.
Mr. STEADMAN said he had used the method for the last eighteen months, and found it the most certain method of producing local antesthesia. The most extensive operation he had done up to the present with it was the excision of the four upper incisors for the purpose of crowning. In that case he made two labial injections between the apices of the central and lateral of each side, and although all four pulps were alive he was able to cut through the four crowns with a fissure burr, remove the pulps, and put in a dressing, the whole operation being quite painless. He thought it was the only method by which such an extensive operation could be done. He had not had any after-pain. If there was after-pain in general anaesthesia he found 10 gr. of aspirin would always relieve it, and he gave this freely if he thought it likely to occur.
Mr. L. M. BALDING said he had used Mr. Parrott's method ever since he saw his demonstration at Birmingham, and did not think he had had a single failure in dealing with the premolar and incisive region, his failures having been with molars, especially the second and third, both in the maxilla and the mandible. The difficulty he found was in drilling a hole into the alveolus, and he had no doubt this failure had been due to some fault in technique. From the second premolar forward he thought there should be no difficulty in usual cases, but he had failures behind, and had been obliged to fall back on other obtundents, or devitalizing with arsenic.
Mr. F. M. HOLBORN thought a useful point that might arise for discussion was how far there was justification for using the method for simply desensitizing teeth, because that had really deterred him so far from adopting the method at all. No one denied there was always the risk of "idiosyncrasy." Was it not safer to keep to the other methods of desensitizing? It seemied to him Mr. Parrott used the term "ancesthesia" to include what was usually called obtusion, and he mentioned things usually used for obtunding, especially paraform. He himself had used paraform for some seven years and had had almost uniformly excellent results from it. He had never noticed that its Odonto7ogical Section 37 efficacy had passed off when it had been left in the cavity for any length of time. He had had very few deaths of the pulp from its use, not more than two or three in from 500 to 1,000 cases. Even in drilling out all the fissures in the lower molar, where he had used paraform practically neat in small pits drilled for the purpose, and even when it had been left in for three or six weeks he had found the tooth alive several years afterwards.
Mr. F. R. SMYTH pointed out, with reference to what Mr. Parrott had said as to the greater liability of injections made into the gum causing toxic effects, than with injections into other parts of the body, that there was a physiological reason, namely, that the gum was more freely supplied with vaso-dilator nerve-fibres than other parts of the body, thus facilitating absorption. He was indebted for that assertion to Professor A. R. Cushny, who once called his attention to it. He had not had an extended experience of Mr. Parrott's method, having only practised it in one or two cases. In one case he wished to remove the pulp from an upper second bicuspid; he injected between the two bicuspids near the apices of the roots, was perfectly successful in obtaining anesthesia, and was able to remove the pulp of the tooth. The patient complained of some slight pain in the first bicuspid lasting for two days afterwards, and slight periodontitis developed. About a week after he noticed some change in colour and found there was no response to heat; on drilling into the tooth he discovered that the pulp was dead and he had to remove it. The tooth was a perfectly sound one, and although the result was not exactly serious it was undesirable; partly on this account, and partly on account of the trouble and time the process took, he had not practised it to any extent. Also he thought that in practice, for the excavation of a cavity in which it was not proposed to remove the pulp itself, it might not always be an advantage to remove all sensation, because there was no indication then as to how clearly the pulp was being approached. When excavating a tooth, to give the patient a certain amount of pain enabled the dentist -to know his position in relation to the pulp, and also to form an idea, from the character and duration of the pain, as to whether the pulp was healthy, before putting in a filling.
Mr. WILTON THEW said that although intradentinal injection was not by any means in general use he thought it had some points in its favour, and, although it was subject, perhaps, to more failures at present than Mr. Parrott's method, he thought it had a future before it when its peculiar technique was a little better understood. It was only useful for the removal of sensitive dentine or of the pulp, there being no effect on the periodontal membrane or surrounding tissues, except a certain antesthetic effect due to leaking, which rendered the putting on of rubber subsequently more easy. The advantage of intradentinal injection, he thought, was the absolute impossibility of introducing a dangerous dose of drug in the mouth. There need not be more than two drops of the drug in the apparatus, and a very small amount in the tooth would produce anesthesia. One advantage of the method was that there need be no fear occasioned in the patient, the apparatus used having no resemblance to the ordinary and somewhat dreaded syringe: after-pain was absent. A disadvantage was that in many cases a slight amount of sensation remained in the tooth even after considerable pressure had been applied for a length of time. A certain proportion of teeth, also, were apparently impermeable, especially in people who were gouty. The teeth in these cases were also exceedingly sensitive and difficult to inject. There were also cavities in such a position that injection could not be carried out without making a pit into a fresh part of the tooth. In many cases a pit was unnecessary, provided there was a conveniently placed cavity with some softened dentine into which the nozzle of the syringe could be placed. With regard to the possibility of the death of the pulp after forcible injection of an anaesthetic, he had used the method over a period of two or three years and could not point to one such case, although, whenever possible, he always tested a tooth that had been injected some months afterwards.
Mr. JAMES said that when using intradentinal pressure anesthesia in order to remove the pulp, he found that where the pulp could not be anmesthetized by using the drug alone, a little weak acid solution for dissolving the drug would produce the desired effect. Novocain, the drug he usually employed, was rendered inert by an alkali, but with the use of acid one could get penetration even where there was some inflammation present. He often used a little aromatic sulphuric acid.
Mr. J. H. BADCOCK had been very interested in the question of the after-effects of local injections. His own experience was not very great, but he had had a larger proportion of after-effects than he liked, although he had used novocain solutions in quite small doses from 5 to 20 minims of a 2 per cent. solution and often a 1 per cent. solution. The after-effects had not been serious in the sense of endangering the patient's life, but had been sufficient to make them undesirable. The most alarming case he had had was spasm of the glottis, which resulted after the injection of a few minims of solution in the region of an upper wisdom tooth. The same thing had happened before to the same patient with an injection of cocaine, but he did not know that at the time. The patient was able to make him understand that brandy would relieve her, and after brandy had been given in a small dose the spasm was relieved. He found afterwards that the patient always exhibited an extraordinary reaction to any kind of drug. Other after-effects he had noticed had come on after the patient had returned home, the patient feeling ill for some hours and having to lie down, and sometimes the effects had lasted for two or three days. For a long time he had held the opinion that solutions of adrenalin or suprarenin were undesirable in extractions because they checked bleeding and prevented the filling up of the socket by a clot, which was so eminently desirable if subsequent sepsis was not to occur. He had one case some years ago which caused him some anxiety, a case of sloughing and secondary haemorrhage occurring some days after an operation, and he put it down to the use of adrenalin. He now used novocain generally without adrenalin, and would like to know if Mr. Parrott thought its use in this way was more likely to produce after-effects.
Mr. GABELL was surprised that, nobody had remarked on the septic aftereffects of injections, because he had seen very ugly-looking wounds, both in private and hospital practice, after injection of the gums, carefully conducted with clean apparatus. Considering the prevalence of infection in the sockets of teeth and how difficult it was sometimes to avoid passing a needle into such pockets, he wondered that more harm did not result. He had no personal experience of intra-alveolar injection himself and had only seen one case in which it was used, a case of an upper left canine in which the injection was given for the purpose of inserting a filling. He saw the patient two months afterwards and found the whole tooth extremely sensitive and hyperemia extending over the labial surface of the root. He thought the risk of septic infection in the mouth was appreciable and often very serious locally.
Mr. PARROTT, in reply, quite agreed with Mr. Mummery that after-pain was lessened in cases of the extraction of a periostitic tooth, and also agreed that cocaine was more toxic than novocain. With regard to blood-pressure, he always made a point of operating, if possible, when vitality was at its highest point, and preferred to operate within an hour or half an hour after the patient had had food. This was an important point in connexion with local anaesthesia. He was glad to notice that Mr. Steadman endorsed the use of aspirin, which was a very good and harmless remedy. He did not know whether dentists should go so far as to inject scopolamine and morphia, but this had a wonderful effect in quieting the patient before a general anesthetic. Only a week ago he knew a most excitable and hypersensitive patient who had a beautiful anesthesia for a long operation, and that was attributed to such an injection. With regard to the difficulty of injecting in the molar region, as described by Mr. Balding, this was a point which only practical experience could solve. Personally, he had succeeded on many occasions in performing an intra-alveolar injection with the drill as far back as the upper and lower second molar, but it was difficult, and the shape of the mouth somewhat governed the possibility. In the molar region local aneTsthesia was not quite of so much value, as root canals are often difficult of access; in the wisdom tooth the septal method was very often useful, and it was possible to get up root canals more easily. In the upper region, with a short, stumpy tooth, a needle could often be driven in and a septal injection performed with ease and success. Just behind the crown of the lower wisdom cancellous bone was usually present and was the most accessible spot from which to anesthetize the lower wisdom. With regard to obtundents, he was pleased to hear what had been said about paraform. He had been careful enough to point out that he did not ignore the use of obtundents. He advocated the use of his method only for selected cases, not for all, but undoubtedly of all the methods of relieving pain it was the one most generally applicable, and the most D-25b far-reaching in its success. He could not quite follow Mr. Smyth's remarks on the superior vascularity of the gum tissue. [Mr. SMYTH said the gum was more freely supplied with vaso-dilator fibres and thus the effect would be quicker than from an injection into another part of the body.] Mr. Parrott said that it was well known that a reflex was obtained almost immediately after an injection, and he had attributed this to the suprarenin or adrenalin acting on the blood-vessels before the ancesthetic had had a chance to take effect. The injection was proceeded with and by the time the second or third minim was reached the reflex had disappeared. He could not see that there was a greater danger of toxicity from a deep injection than from any other. With regard to the dead pulp mentioned by Mr. Smyth, this was a thing he had never experienced after an injection, and he could not at all account for it. If there was any doubt about a filling it was a simple matter to slip a temporary filling in and wait for the patient's next visit to see if there was an exposure. He did not think the patient would agree with regard to pain as a danger-signal to the dentist. There were a few patients who said they preferred to have the pain of excavation rather than the first sensation of fluttering of the heart or the like. He had cured one patient of this by preparing a cavity without an ancesthetic. With regard to the remark as to the trouble and time involved in the method, he might say he employed the method to save time. The moment the injection was completed the work could be done. Frequently for cavity preparation or pulp extirpation a quarter of an hour sufficed for the whole thing from start to finish. Mr. Thew's method of injection was very interesting, and some time or other he hoped to try it, but there was the uncertainty of penetration about it. He had had no experience of Mr. James's method of the use of acid to assist penetration. With regard to the after-effects, Mr. Badcock seemed to have been unfortunate. Spasm of the glottis was an exceptional thing unless some solution trickled down. He had had one or two cases where people complained of lassitude, but he had had no serious effects due to novocain at all. With regard to the risk of infection, he had had only three or four cases of any swelling at all, in each case due to faulty technique. He put this down to the fact of using fresh solutions and taking extra precautions with regard to technique, sterilization of the syringe, &c. Novocain should not be brought in contact with any alkali such as lysol or soda. Alkalis precipitated the novocain very quickly. The syringe should be washed in water, or a saline solution, before using. He did not think it would act sufficiently without adrenalin.
